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AESTRACT

Based on recent studies of the potential effects of biogenic emissions on
srone formation and the effects of biogenics on estimated VOO [volatile
organic compounds} cenivel reguirements te reach the Hational Ambient Alr

Gusl ity Standard IKAADS) for ozone, the U.5. Environmenial Protecticn Agency
[EPAY revised the DZIPM-4 compuier code {the computer code assuciated with The
Empirical Kinetics Modeling Approach, EKMA] to treat biogenic emissions
independent of the anibropogenic emissions,

Recent studies using three-dimensional photochemical grid medeis performed by
the U.5. Envivonmenial Protection Agency (EPA) on the sensitivity of varying
water vapor concentrations om ozone formation showed that ozone revels can
wavy by as much as 20 Lo 30 percent with a factor of two wariation in water
vapor concentrations. Such results have led to concerns of the use cf a
constant default water vapor concentration of 20000 ppm in the CZIPW-2
computer program sssociated with the Empirical Kinetics Modeling Approach
[EKMA). The U.S, EPA has vevised the OZIPM-4 computer code to fiandie
divrnally varying wailer vapor concenbtralions.

This veport is an addendum te the user’s wmanuais to DZIPM-& descyibing the use
af new input options to OZIPM-4 to treat biogenic emissions and diurnaily
varying water concentrations. The use of the "BIOGENICS® option and "WATER®
option are avaifabie on both the mainframe and persenai computer versions of
GZIPM-4.




1. INTRODUCTION

Based on recent studies of the potential effects of biocgenic smissions on
gzone Formation and the effects of biogenics on estimated WOL [woiatile
organic compounds) control reguirements to reach the Naiional Ambient Alr
Ouality Standard [WAAQS) for ozone, the U.5. Fnvirvonmental Protechion Agency
[EPA) revised the OZIPM-4 computer code {ihe computer rode aszooiabed with the
Empirical ¥inetics Modeling Approach, EKMA) Lo ifreat biogenic emissions
independently of the anthropogenic emissions.

Siogenic emissions generally vary diurnally as a funciion of sun] ight.
fertain bicgenic species are emitied from trees even during the nighttime
hours. The diurnal patbterns are not the same as urban emissions which varies
with socio-sconomic patterns.

This veport describes the use of a new input optiom to DIIPN-4 To treat
hiogenic emissions. The Following subsections describe the use of The

: “BIOGENICS® option on both wainframe computers and personal computers. The
| user is referved to Hogo and Gery {1988} and EPA (1987 and 1988] Tor
descriptions of all the options available in OZIPM-4.

Recent studies performed by the U.S. Environmental Protection Agency {EPA) on
the sensitivity of varying water wapsr concentrations on ozone formaticn
showed that ozone levels can vary by as much as 20 to 30 percent with factors
of two variation in water vapor concentrations. 5Such results have led io
concerns of the use of & constant default water vapor concentration of Z0UD0
pom in the 07IPM-4 compuier program associated with the Ewmpirical Kinetics
Modeling Approach {EKMAL. The U. 5. EPA has revised the CZIPM-4 computer
code to handle diurnally varying water wapar concentrations.

Chapter 2 and 3 describe the use of a new input option to DZIPM-£ fo ireat
hourly varying water vapor concentralions. These chapiers describe ihe use af
the "WATER® option on both mainframe and personal computers. Chapier 2
describes the “WATER® opiion and. the Technical basis for calculaling water
vaper concentvations from ambient temperature and rejative Runtd ity
mezsurements. Chapter 3 describes the use of the "WATER" option on personal
computers. The user is veferred ic Hogo and Gery (1988} and EPA (1984 and
1988 for descriptions of ail the input options available in OZIPM-4.
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BIJGENICE OPTION

The BIOGENICS option s used to input post-0800 emissions of up to five
bipgenic species. The current photochemical mechanisw {CB4} found in CZIPM-4
treats one biogenic species {iscprens) explicitly. Other iogenic spectes are
sxpressed as (B4 species according to Lhe methodology ouilined in EPR (1987
and Hogo and Gery {18883, The inputs o the BIOGENICS cption are 1isted im
Table 1-1. The First 1ine in the BIDGFNICS option contains the feur letter
cade "BIOGY to invoke the BIDGBENICS option Tollowed by the number of hours of
emissions of the biogenic species. HNoie, a negalive value is entered to be
consistent with the EMISSIONG and MASS opiions. The third item on the first
Tine iz the number of bicgenic species with post-UBOC emissions. ip to five
biogenic species can be inpui. The initial mixing heighl {in meters] is
entered next. The mixing height is uzad fo convert hourly emission densities
to concentration units requirsd by the GEIPM-4 program.

The next set of lines {lines ? to B) are repeated for each biocgenic species up
to the number specified in columns 21-30 of The first Tine. The second 1ine
of the BIOGFKICS opiion contains the wame of the biogenic species. The only
hiogenic species which requires an exaci spelling is isoprene {IS0P) =ince it
is & species found in the photochemical mechanism. HNote that 150P must be fin
capitol letiers. The next item {Jpcated in columns 11-20}) on the second 1ine
confains & Flag to tell OPIPM-4 ithat the species is Treabed explicitiy in the
photochemical mechanism. & nonzevo positive value would iell DEIPM-& that the
species 15 to be treated as a mixture of CBd species. Currently, for
isoprene, the flag would be set to zers. T the user wishes o treat isoprene
as a mixture of O34 species, then a nonzero flag can be entered in this Tield.
The next iiems on Tine 2 are the present-day biogenic concentrations
transported in the surface layer and entrained from alort {in units of ppm).
The perceni change in biogenic emissions for the futurs year iz entered nexi,
followed by the Future-year concentrations transporied in the surface Tayer
and egntrained from alofi.

The third Tine of Che BIOGENICS option contains the species molecular weight
in units of gw/mole. If the Flag located in columns 11-20 of Tine & 1is
nonzers, the next Times contain the species bond fractions apportfoned to the
CRY species. The bond Fractions musi be inputted in the following grder: ETH,
GLE, ALD?, FORM, TOL, ¥¥L, PAR, and MR. & Tist of commonly occurring biggenic
species along with their molecular weights and bond fraciions ave Tisted in
Table 1-2 as a guick reference.
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TABLE 1-3. SIOGEKIC option [Coniinued}

Gpt ton Line No. Lo umn Contents
21-30 Fresent-day concentration fransporied in

tha surface layer [DF=0;

' AT Present-day concentration transported
aloft {DF = §.0)

P . . . . =
4] -5l Percent change in hiogenic emissions Tor
the future year

B1-mi* Future-year concentration transported in
the surface Jayer (OF=0)

i BL-TU* Future-year concentration transporied
| aloft {DF = 0.0)

FL-30 Mot read
KEN I-19 Species molecular weight {Units of
am/moies )
ot 1-14 If a nonzero vaide is entered on
{optional) 11-24 zotumns of Tine 2, the species profiles by
pond group of the biogenic species is
gntered here,
13-20 The species profiles should be in the

following order: ETH, OLE, ALDE, FORM,
T, XYL, PAR, and 5.

Mot used with CALC and ISOP opiions
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TABELE I-1. BIOGENIC opiion {Continued)

Option Line Ho. wolumn Contents
bl -7 Continue on next Tine [if necessaryj.
J1-80 Hot read
5+ =10 Fresenj-day houriy biogenic emissions
kg k)
11-20 "continue on next ine it necessary)

7 i
o=
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The next set of Tines in thg BIOBEWICS cption contains the hourly emission
densities in units of kg/km. Mole, the BIOGENILS opiion can be used to inputl
only initia?l and alcft biogenic concentrations by entering smail emission
densities {e.g., J.00000% for each of ihe hours of emissions.

USING THE BIGGEMICS OPTION ON THE PC SYSTEM

The personal computer {PC) wersion of the DZIPM-¢ program centains a front-end
interface which ailows the user to enter the input parameters through a series
of pop-up menus (EPA, 19881, The froni-énd interface was modified to handle
the BIDBENICS option. This section describes how to gccess the BIDBENICS
optien on the PC system. To access the OZIPM-4 on the PC system, type
JFACCESS, & menu will appear on the monitor. Choose the Edit optien as
described in the wser’s manual {(EPA, 1988). A new screen will appear as shown
in Figure 1-1. To access the BIDGenics oplion, hit the § key or by using the
up oy down arvow Keys o position to the BIOGemics opifon anc hit The ERTER
key, The BIDGenics option screen will be displayed (see Figure 1-2). The
BiDGenics option contains three main inputs {the number of hours of Diogenic
emissions, the number of biogenic species, and the initial mixing heighty.
Ypon eniering the number of mours of bicgenic emissions, the data Tields for
the emission values will be displayed (Figure i-3). The middie poriion of the
gichu shows the inpul parameters fovr each of the biogenic species. Choose the
species to edit or view by entering & number represeniing the order of fhe
bisgenie species {e.g., iF terpenes iz the first species, then enter 1, etc).
Enter the input vaiuves Tor the current biogenic species by wsing the TAB or
arrow xeys io move ground the menu. Blanks in any of the fields will be
interpreted as zeroes. Be sure fo hit the ENTER key after typing & value =so
that the 0ZIPM-4 system will accept the value. After entering 811 walues, hit
the F1& key so that the DZIPM-4 system can accepl the option.
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Fable 1-2

MOLECULAR WELBHTS ARD SPECIES BOND FRACTIONS
{iIF S0ME COMMON BICEENEC SPECIES

Mot ecuiar

Specigs Weight ETH OLE &L02 FORNM TaL A LS FAR WR
A-Finens 156.24 - U.5 1.0 -- - - .0 --
B-Pinens 136,74 -- 1.0 -- -- - - 5.0 -
3-Larene 136,23 ' - 2.0 -- . _— - 6.0 .-
d-1 imonens 135,24 - N .4 -- - - &, 00 -~
Isoprene BB, 13 -- 2.0 - - - - 1.0 oo
Terpenes 136.24 -- .0 .- - . . g0 .

.



kdit Load/save Run Flot Birectory Buit

PLACe
DILUtion
TEMParature
TRE&Msport
MasSemis
REACTIwily
CREDAL
TIThe

TIME
SPECies
ACTUracy
SLREady
PLOT

ERAMA,
CALCulate
I50PTeth
Bl0Genics
WaTEr

[p R W s v B B o B =

SR T Ay b

\ Promat
PLACE: set the Tecation Tor this simulation

v 4 :bocate  Enbter:Enter Fl:help  FlO:8ccept  ESC:Reject  F8:Clear

-

Figure 1-1. Example streen display of the 17 input options [including
the Bidkenics oplion} available in LZIPM-4.
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BIGGENICS  AfTow For post-0800 biogenic smissions. [T the BIO:
--—- opbion is not used, defaulis are no post-UBOG biogenic emissions,
and no transported surface and aleft concentrations of biogenics.

Hours: Species: Height:
Mumber of species To view/edit: 1 Hame: MoTwi
CB4 flag: Present surface: Aloft:
Future change: Future surface: AoTt:

Species Profite (111 in only 1f CBS Tlag eguals 1)
CTH: OLE: aL0z: FORM:
TOL: Wil e PR R :

Hourly emissions--

Enter the aumber of amission hours

14 :locate Enter:Enter Fl:help Fll:8ccept E5C:RHeject F9:Clear

=
=

Lak}

ure 1-2. Example screen display of the BlDGenics option menu.



BIOGENECS

£l Tor post-
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Hours: 11
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SORCIgS

Emier the number of Giogenic

=

slocate  Enter:Entey BCCE

L

Fl:heip FI10:

Figure 1-2. Example screen display of th

with hourly emission Fields.
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FORM:
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17:
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pt  ESC:Reject F9:Clear

e BIDGenics option menu
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. IMPLEMENTATION OF VARYING WATER
CONCENTRATIONS TO 0Z1PM4

ambient water concentrations can be estimated wsing the Clausius-Clapeyron
equation which describes the solidification, melting, and evaporation of water
as a function of temperature. The Clausius-Clapeyron gguation is & waell-Known
gguation of water wvapor pressurs {Hess, 1958} and is expressed as Foilows:

m

deg,/dT = Lyn/Tlap - ;)

where e, is tfe equilibrium vapor pressure, T is the temperaiure, Ly, is the
Tatent heat of the phase change, amd a is the volume. From Hess (1989},
eguation {1) can be solved for the water concentration and dascribed as
Totlows:

TR L I
Hol = B030(0.011(rh1/presjeth (/215-1/T})

[

wh

ere vh o is the relative humidity {percent), pres is the ambieni pressure
jat

s, and B s

4

£1233.17 when T 15 below 2F3 & and

18.02{597.% - BR6(T - 273;]/1.9865
whan 7 »= 273 K.

WATER OFTEORK

The WATER option is used to inpul hourly varying relative humidities in
percent. The relative humidities are used along with the ambient temperature
to caloulate the water vapor concentrations as discussed above. The imputs Lo
the WATER option ave listed in Table 2-1. The first Tine in the WATER oplion
contains the four Teiter code "WATE" to invoke the WATER option. The next
parameter on Tine 1 is the number of hours with varying water concentrations.
The third paramzter on Tine 1 is the aimospheric pressure in inches of mercury
{Hg). The relative humidity values at the beginning of each hour are then
entered {beginning on Tine 2) for each hour and at the end of the iasi hour
with varying water concentrations. Therefore, if there are n hours with
varying water concerirations, n+l vrelative hemidities are entered. Up to 24
houvs of relative humidity waiues may be entered. Hoie that the WRTER option
must follow the the TEMPERATURE opiion in the input 1ist in order for ihe
CEIPM-& program to recognize varying temperafure profiles.




TEELE 2-1. WATER option

Cption Line Ho. Lol umn Contents
HATER 517ows for varying water concentration profile. This option must

follow the [EMParature option. Information fe entered regarding
the number of hours with varying water concentrations, the hourly
relative humidity, and the atmespheric pressure. The relative
humidity values are read for the initia: time and at the end of
each aour. I there are @ hours, there shouid pe n+l relative
bumidity values. If the WATE opiion is not ysed, the default water
concentration s 20000 ppm.

1 i-4 WATE [DF = 20080 ppm)
11-20 Humber of hours of varying waier

concentrations.  {MAX = 24

-3 Enter the atmospheric pressure: units nf
inches of Hg., [DF=29.92 dinches of Hg which
iz egual to 1 atm}

i 1-10 Falative humidity {in percent)
at time € = O

11-20 Falative humidity at time L = 1 b
£1-30 Ralative humidity at ime © = & hr
31-40 RzTative humidity at fime & = 3 hr
41 -5 Fzlative humidity at time & = & hr
51-60 ielative humidity at time & = 2 by
&1-7 Reiative humidity at fime © = & hy
Fl-80 Kot rear

Fed 1-10 0 Continuation of relabtive humidity values

foptional } .

61-7G
F1-80 Mot read

(2R
=3



3.  USING THE WATER CPTION ON PL SYSTEMS

The personal computer [PC} wersion of the GZIPM-4 program contains a front-end
interface which allows the user to enter the input parameiers through a series
of pop-un menus (EPA, 1988}, The front-end interface was modified to handie
ghe WATER option. This section describes how to access the WATER option on
the FC system.

Te access the 0ZIPM-4 on the PO system, type OZACCESS. A menu with five
options across the top of the scresn will appear on the moniter. Choose the
Fdit option ss described in the wser’s manyal (EFA, 1988). A new screen will
appear as shown in Figure 3-1. To access the WATEr option, hit the R key or
by using the up or down arrow keys to position to the WATEr option and hit the
ENTER key. The WATEr option screen will be displayed as shown in Figure 3-2.
The WATEr option contains two main inputs {the number of hours with varying
waler concenirations and the atmespheric pressure). Upon entering the number
of hours with varving water concenirations, the data fieids for the relative
sumidity values will be dispiayed {Figure 3-3}. Jse the TAB or arrow keys to
move around ihe menu and enter the input vaiues. HRemember te hit the ENTER
vey after sach entry in order to vetais the value. Blanks in any figlds wiil
he interoreted as zerces. Be sure to hit the F10 key afier entering ail
values so that the 0ZIPM-4 system can accept the option.
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PLACe
DILUEion
TEMPeratie
THENsDOTE
HasSemic
REACTiwity
CHEDIT
TiTlLe

TINE
5PECTesn ;
k. ACCUracy
. AbRtady |
M PLOT
K EXHME
O CALTuiate |
poisakTeth
0 BIdGenics
WATE"

PLACE:

Fromot

set the Tocation for this simulation

'ﬁ‘

L o:locate

Figure 3-31.

Enterv:Enter Fl:heip F10:Accept E5C:Reject Fa:07

Exampie zcreen display of the 18 input opiions {inciuding
optiony aveilable in DZIPM-L.
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WATER Allows for varying water concentrations during the simulation. If
——--  this option iz nol used, the concentraiions default to 20,000 ppm

Hours:
Fressure:

Enter the number of hours of varying relative humidity (I-24]

i 14 :locate Enter:Enter Fl:help Fil:Accept E5C:Reject Fa:Clear

Figure 3-Z. Example screen display of the WATEr option mend.
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WATER  Allows for warying water concentrations diring the simulation.
----  Ehis option 15 not used, the concentrations default to 20,000 ppm

Hours: 10

Prossure:
e iz 2 A & 5:
B 7 i G: 10:

Enter the percent relative humidity far this hour

Floi:Accept ESC:Keject Fa

11 :Locaie Enter:Enter Flohelp

txample screen display of ihe WATEr option menu with

fourly relative humidity Fields.

Figure 3-3,
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